States are using climate change adaptation plans to prepare for the impacts of climate change. As of October 2014, 14 states had finalized state-led adaptation plans. An additional eight states and the District of Columbia had some adaptation planning underway. The Georgetown Climate Center is tracking implementation of these plans and making these data available to scholars, practitioners, and the public through an interactive tool in the Climate Center's Adaptation Clearinghouse. This research provides, for the first time, an empirical assessment of the progress that states are making implementing their adaptation plans. Among states with plans, there is significant variation in the number of goals included in each plan, the sectors covered, and the degree of implementation that has occurred. The number of discrete goals in state plans ranges from 28 to 373, and the level of implementation progress ranges from 16 to 87%. Our research demonstrates that states are actively implementing the goals in their adaptation plans, but the process of plan development and the progress in implementation are highly state specific.
Introduction
The impacts of climate change are now challenging and will continue to challenge public institutions at all levels of government. Proactive climate adaptation involves adjustments in human systems that moderate the harm of or exploit beneficial op-portunities related to actual or expected climate impacts (IPCC 2007) . Federal agencies, state and local governments, private actors, and non-governmental organizations may undertake such proactive planning, which we refer to as adaptation. Our research focuses on the actions of state governments in the United States. While planning at the state level is not sufficient to adequately prepare for climate impacts, state action is a necessary component of a national response to climate change. Indeed, scholars have predicted and observed state leadership on climate change policy (Rabe 2004; Selin and VanDeveer 2007; Thomson and Arroyo 2011; Arroyo and Cruce 2012) .
A number of states have been early actors in developing and implementing climate change adaptation plans. As of October 2014, 14 states 1 had finalized state-led adaptation plans. An additional eight states and the District of Columbia 2 had some adaptation planning underway (see Map 1).
3 These plans reflect the effort of states to proactively adapt to the current and future impacts of climate change. After states have adopted plans, they face the challenge of implementing them. Although some research has analyzed the development of these state plans (Wheeler 2008; Arroyo and Cruce 2012) , until recently, state officials, scholars, practitioners, and the public lacked a quantifiable, cross-state assessment of the progress states are making in implementing their adaptation plans. Without these data, we have been unable to determine what progress states are making in preparing for climate impacts. The research we describe here is an early attempt to address that question.
Our research has found that that there is significant variation among states across multiple dimensions. 4 This variation can be seen 1) in the process states undertook to develop their plans, 2) in the content of those plans, and 3) in the progress states are making in implementing their plans. States are actively implementing the goals in their adaptation plans, but the process of plan development, the content of plans, and the progress of implementation is highly state specific. In addition to identifying the variation that has characterized this first round of state adaptation planning, it is possible to propose a number of potential factors that influence this variation. These include the impetus for the plan (e.g., by executive order or legislative mandate), the number of recommendations in the plan, the level of political support, and the time elapsed since the publication of the plan. Our research suggests some factors that may influence the progress states are making in implementing their plans. We leave it to other scholars and future work to formally test the influence of these factors. The primary aim of this research is to assess the level of progress states are making in implementing their adaptation plans.
Plan development
There is considerable variation in the process by which states initiated, developed, and adopted adaptation plans (see Table 1 ). The 14 states with state-led, finalized adaptation plans initiated the development of these plans between 2007 and 2009. Nine of these states initiated the process through executive action, while the remaining five initiated the process through legislative action. The resulting plans were finalized between 2008 and 2013. The average time from initiation of the process to completion of a plan was just over two years. State agencies most often led the development of the plans, with academic and non-governmental organization participation. We did not examine the particular political dynamics driving plan The variation in the process by which states developed adaptation plans may be a result of each state's particular set of political factors, governmental and nongovernmental capacity, and climate vulnerabilities. A study of adaptation planning in Europe found that nation-states susceptible to extreme weather events and cognizant of the economic costs of inaction were driven to adopt national adaptation strategies (Swart et al. 2009 ). It may be the case that vulnerability to climate impacts similarly influences states to adopt adaptation plans. While a detailed investigation of this question is beyond the scope of this article, Maryland's 2008 plan acknowledges that the state's coast is particularly vulnerable to storms and that these hazards are "exacerbated by climate change and sea-level rise." The 2008 plan then focuses specifically on steps to reduce this vulnerability.
Plan content
There is also variation in the content of state adaptation plans. At the most basic level, state adaptation plans vary in the number of goals they include (see Table  2 ). 6 The number of goals in each plan ranges from 20 in Maryland's Phase I plan 5. California's 2014 plan is not included in this analysis of state plan implementation. The Climate Center intends to assess implementation of that plan in future phases of our research. 6. We use the term "goals" to refer to discrete adaptation objectives articulated in each state plan. States use a variety of 8% 19.4 13.6% 14.3 11.4% 6.0 5.3% 11.9 6.8% 22.9 17.1% 19.1 14.4% 18.4 13.5% 16.2 16.8% to 373 in Massachusetts' plan. The average number of goals in the plans is 136. This variation in the number of goals can be interpreted in a number of ways. State agency staff in Washington said their process focused on articulating an ambitious vision for preparing the state for climate impacts, resulting in a plan with 287 goals. These goals address all nine sectors tracked by the Georgetown Climate Center.
Other states created plans with a more specific focus. For example, Colorado's plan, which has 72 goals, includes goals in five of the nine sectors. The plans also differ in the specificity of their goals. For example, New York's plan, which has 121 goals, identifies very specific objectives like the need for a new water withdrawal regulation. Florida's plan, which has 28 goals, includes more general objectives like the "Protection of Ecosystems and Biodiversity." This difference in specificity is another example of the idiosyncratic character of each state's approach.
States also vary in the sectors addressed by their plans. We identified nine sectors by which to categorize recommendations in each plan (i.e., Agriculture, Biodiversity, Coasts/Oceans, Emergency Preparedness, Forestry, Infrastructure, Public Health, Water, and Other).
7 These sectors were applied uniformly across plans to allow for comparison across plans. The sector with the most goals was Infrastructure. On average, 17.1% of goals were related to Infrastructure. Conversely, the sector with the fewest goals across the plans was Emergency Preparedness. On average, only 5.3% of goals were related to Emergency Preparedness. The sectors covered by each state's plan may reflect the vulnerabilities of most concern in a given state. For example, three states with little or no coastline (Colorado, New Hampshire, and Pennsylvania) do not include goals related to Coasts and Oceans. Conversely, Maryland's Phase I plan, which focused specifically on the impacts of sea-level rise and coastal storms, devoted 45% of its goals to the Coasts and Oceans sector. However, other factors may influence the sectors covered in each plan.
There is also variation in the number of recommendations by type. In order to distinguish between the kinds of action called for in each goal, we divided goals into three categories. The Planning and Capacity Building category includes goals that call for the provision of information, express aspirations, encourage collaboration, provide technical assistance, assess vulnerability, recommend additional planning, terms (e.g., recommendations, strategies, actions, goals) to refer to the objectives in their plans. Our use of the term "goal" allows for a consistent descriptor across plans but admittedly obscures the nuanced meanings of the various terms used by each state. 7. In many cases, these nine sectors do not perfectly match the sectoral categories used by the states in their plans. We chose to use these sectors to enable consistent comparison across states. When our sectors did not match the sectors used by states, we assigned state goals to the most comparable sectoral category. Goals that cross sectors were assigned to multiple sectors. Thus, for any given state, the number of goals in all sectors may exceed the total number of that state's goals.
etc. For example, Pennsylvania's plan includes the following goal: "Conduct predictive modeling and risk assessment for invasive species and pathogens that may be moving into the state." The Law and Policy category includes goals that create new laws or change existing ones; create new programs; provide new, additional, or redirected funding; reform existing regulations or create new ones, etc. For example, Pennsylvania's plan includes the following goal: "Revise storm water regulations to accommodate increases in precipitation and run-off." Finally, the PostImplementation Monitoring category captures activities that monitor the impact of adaptation actions after they have been implemented. For example, Pennsylvania's plan calls for "More intense inspection of transportation infrastructure after high impact events in areas that are subject to erosion." Our research found a clear emphasis on planning and capacity building in all plans (see Table 3 ). The average percentage of goals oriented toward planning and capacity building across all plans was 73%; the percentages ranged from a low of 46% in Pennsylvania's plan to a high of 93% in Colorado's plan. Pennsylvania's plan had the highest number of goals focused on changes to law and policy, with 53% in that category. An average of less than 1% of goals across all plans was devoted to post-implementation monitoring, with a high of 4% in California's plan. Given that most states are in the early stage of state adaptation planning, it is not surprising to observe the emphasis on planning and capacity-building activities. 
Implementation progress
States have made various degrees of progress in implementing those plans. Across plans, the average percentage of all goals that were assessed as "In Progress" is 53%, with a low of 12% in Virginia and a high of 80% in Maryland's Phase I plan. The average number of goals assessed as "Completed" is 6%. We also examine the progress states are making by sector (see Table 5 ). Across plans, the infrastructure sector has seen the most progress, with 10% of infrastructure goals either In Progress or Completed. The state that has made the most progress in any one sector is Maryland, with 40% of its 2008 goals in the Coasts and Oceans sector either In Progress or Completed.
We can also assess implementation progress by goal type. Across all plans, the goals related to Planning and Capacity Building have seen the most progress, with an average of 43% assessed as either In Progress or Completed. Goals in the Law and Policy category have been implemented at a lower rate, with an average of only 15% of these goals either In Progress or Completed across states. Maryland again 
Discussion
While scholars have attempted to explain the adoption and content of state climate change mitigation and renewable energy policies (Huang et al. 2007; Matisoff 2008; Chandler 2009; Lyon and Yin 2010) , little attention has been devoted to the adoption and content of state adaptation plans. A number of factors may influence a state's progress in implementing its plan. These include the impetus for the plan (e.g., executive order or legislative mandate), the number of goals in the plan, the level of political support, and the time elapsed since the publication of the plan. Other potential factors not captured in our data include the level of public and stakeholder engagement and existing local action on adaptation. Since the small number of plans limits our ability to use regression-based statistical analysis to formally test these hypotheses, we leave it to other researchers to assess the influence of these factors. Here we offer only a limited discussion of the potential influence of a few factors. One potential influence is the manner in which the plan development was initiated. Nine states initiated their planning process by executive action, and five states took direction from the legislature. Figure 1 plots the progress states are making implementing their plans (i.e., the percentage of goals either In progress or Completed out of the total number of goals in each plan) and the total number of goals in each plan. The data points corresponding to the individual state plans indicate whether the plans were initiated by the executive or legislature.
The average degree of progress in states with plans initiated by the executive is 57.9% (Standard Deviation = 0.22). The average degree of progress in states with plans initiated by the legislature is 59.7% (Standard Deviation = 0.11). This difference is not statistically significant. Similarly, the difference in the average total number of goals in plans initiated by the executive (109.6) and by the legislature (188.2) is also not statistically significant. It seems that the manner in which a plan is initiated does not explain either the scope of the plan or the progress the states are making in implementing that plan. However, the trend line included in Figure  1 provides some preliminary evidence of a relationship between implementation progress and the scope of a plan. The positive slope of the line indicates a positive relationship between the total number of goals in a plan and the percentage of those goals characterized as either In Progress or Completed. The correlation coefficient of this relationship is 0.19 (p=0.49), a weak positive relationship. It may be that the most ambitious states, as indicated by the number of goals in their plans, are also the states making the most progress in implementation.
Another potential factor is the time elapsed since publication of the plan. It stands to reason that the more time a state has had to implement its plan, the more progress it will have made. A simple scatter plot illustrates this relationship see Figure 2 ). Examining this simple correlation reveals a positive relationship between implementation progress and the time elapsed since a plan was finalized. The slight upward slope of the trend line (from newest to oldest plans) indicates that more progress has been made on the recommendations in the oldest plans. The correlation coefficient of this relationship is 0.017 (p=0.95). While this is clearly a weak relationship, it is operating in the expected direction.
This analysis does not control for a number of potentially confounding factors, as the small number of cases hinders more sophisticated statistical analysis. Visual inspection of the scatter plot in Figure 2 suggests the importance of one of those potentially confounding factors: the level of political support for a plan. Numerous scholars have explored the role partisanship plays in support for climate change policies, finding that Democratic constituencies are generally more supportive of public action on climate change (Dunlap and McCright 2008; Konisky et al. 2008; Zia and Todd 2010) . Scholars have also studied states' adoption of renewable portfolio standards as a way to encourage the development of low-carbon energy generation. This line of research has found that political ideology is a significant factor in the adoption of RPS policies at the state level (Huang et al. 2007; Matisoff 2008; Chandler 2009; Lyon and Yin 2010) . This literature suggests that the political dynamics of state governments may influence the policy outcomes achieved.
Five states, Alaska, Florida, Maine, Pennsylvania, and Virginia, experienced changes in their respective governor's offices after the adoption of their plans. In Alaska, Governor Parnell retired the climate cabinet created by his predecessor, Governor Palin (Goldenberg 2013) . In Florida in 2011, the legislature passed and Governor Scott signed a bill to abolish the Florida Energy and Climate Commission (Florida 2011) . In 2013, Maine's Governor LePage vetoed legislation that would have authorized the Department of Agriculture, Conservation, and Forestry to work with other state agencies to study the effects of climate change (Hoey 2013) . In Pennsylvania, staffers at the Department of Conservation and Natural Resources were reportedly instructed by representatives of Governor Corbett to remove references to climate change from agency materials (Allegheny Front 2014). Finally, in Virginia, the Governor's Commission on Climate Change was discontinued by Governor McDonnell, who served from 2010 to 2014 (Springston 2014) . These changes in political support may have slowed the implementation of plans in these states. In the five states highlighted above, the average amount of progress, as measured by the percentage of goals In Progress or Completed, was 44% (standard deviation = 0.20). In the other nine states, the average amount of progress was 65% (standard deviation = 0.13). Although this 21-percentage-point difference in progress is statistically significant (p=0.04), a simple t-test does not account for other potentially confounding factors.
Given this difference in implementation progress, the inclusion of these five states in Figure 2 may obscure the relationship between state progress and the time elapsed since the plans were finalized. Figure 3 presents the same data as in Figure  3 , with the removal of these five states from the analysis.
After we remove Alaska, Florida, Maine, Pennsylvania, and Virginia, the relationship between implementation progress and the time elapsed since the plan was finalized becomes more apparent. The correlation coefficient between these variables is 0.54 (p=0.10), indicating a moderately positive relationship between the age of the plan and progress in implementation. This provides at least some tentative support for the hypothesis that states achieve more progress over time. However, this apparent relationship is based on a simple correlation with a small number of cases, after we selected the states based on the dependent variable of political support, measured qualitatively. Clearly more research is needed into the factors that influence state progress in planning for climate impacts.
Practitioners experience the consequences for policy that elections can bring. In the arena of state adaptation policy, changes in administration can influence the level of priority attached to adaptation planning and implementation. Although there is some preliminary evidence that changes in the political environment may influence the progress states make in implementing their plans, we did find progress even in states with a change in administration. Anecdotally, we found that state agency staff in many of these states were committed to making progress and were interested in talking about the work they were doing. This suggests that these adaptation plans are somewhat durable across administrations and that setting goals can continue to influence agency activities even as political priorities change. In addition, state policy continues to evolve. In 2014, Governor McAuliffe of Virginia issued an executive order to reconstitute the state's climate change commission with a charge to review and update the work of the previous commission (Executive Order 19).
Variation among states in the development, content, and implementation of state adaptation plans is neither unexpected nor necessarily undesirable. The frequently cited role of the states as laboratories of democracy and policy innovation is predicated on their ability to respond to their particular mix of resources, perceived needs, political dynamics, and constituent preferences. The evidence from the experience of leading states in adaptation planning is that variation in state characteristics is associated with variation in the character of plans and the degree of implementation. It is possible that a more uniform planning approach across states may have resulted in a higher degree of implementation in some states. It is also possible, however, that this uniform approach may have inhibited some states from engaging in planning at all, ultimately leading to less action in these states.
The idiosyncratic approaches adopted by the leading states also can be viewed as an opportunity to experiment with multiple pathways for adaptation planning. One way of interpreting the early results of this experiment is that it has produced a set of models for the next round of state (and local and federal) adaptation planning. States are now able to examine these models and identify those that best fit their own mix of resources and needs. These models are available to the leading states as they update or adopt new plans, to the states with planning in progress, and to states that have not yet begun the planning process. Our interactions with state agency staff suggest a few practices that may facilitate implementation. First, states can set specific goals, identify agencies responsible for implementation, and set timelines to guide those agencies. Second, progress reports can be useful in tracking progress and ensuring accountability.
Areas for further research
Just as state adaptation planning is in its early stages, so is scholarly inquiry into it. Our research suggests a number of new directions. First, as states continue to implement existing plans, researchers need to continue tracking that implementation. The Georgetown Climate Center intends to regularly update its assessment with continued internal research, collaboration with state agency staff, and the input of practitioners and the public through an interactive web tool.
Second, researchers should track the implementation of new plans as they are adopted, either by states with plans, by states with planning in progress, or by states that have not yet begun the planning process. The Georgetown Climate Center intends to add new plans to its database and begin tracking their implementation in future phases of research. For example, in 2014 California released an update to its 2009 plan that includes new recommendations. We intend to track the implementation of this new plan and others as they are adopted.
Third, state adaptation planning is only one component of a national response to climate change. Planning is underway at the federal agency level and in many localities that have adopted local adaptation plans. The Georgetown Climate Center catalogues these local plans in its Adaptation Clearinghouse but has not yet begun tracking the implementation of these local adaptation plans. To gain a full understanding of our progress in preparing for climate impacts, we need research into the progress localities are making in implementing their adaptation plans. Research into local action may also include an assessment of the interactions between levels of government. In addition, a number of regional collaborations (e.g., the Southeast Florida Climate Compact, the Alliance of Regional Collaboratives for Climate Adaptation) complement state and local action; these warrant more attention from scholars.
Fourth, one clear potential driver of state action on adaptation is vulnerability to climate impacts. While it was beyond the scope of this article, other scholars could examine the influence of vulnerability to climate impacts on state or local adaptation action. Swart et al. (2009) argue that nation-states susceptible to extreme weather events and cognizant of the economic costs of inaction were driven to adopt national adaptation strategies. U.S. states or localities with perceived vulnerability to or recent experience with the impacts of climate change or natural disasters may also be more likely to adopt plans to reduce their vulnerability. Comparing states or localities that have adopted plans with states or localities that have not may be instructive.
Finally, there is a pressing need to understand the relationship between adaptation planning, implementation of that planning, and reduced vulnerability to climate impacts. The six-step approach to adaptation planning identified by the federal Interagency Climate Change Adaptation Task Force (ICCATF 2010) incorporates an evaluation step that feeds back into a new round of planning. Our research documents the progress states are making in implementing their adaptation plans, but we lack sufficient understanding of the efficacy of these actions. Thus, it is difficult to assess the progress states, localities, and federal agencies are making in actually reducing vulnerability to climate impacts. It is vitally important to collect baseline data, assess the efficacy of adaptation actions, and integrate this assessment back into the planning process.
Assess state progress implementing goals
• For each goal, search publicly available information sources (e.g., progress reports, state agency websites) for evidence of implementation of the goal • Search the following resources as available:
• State-, NGO-, and academic-produced progress reports • State agency websites • General search of publicly available electronic sources (i.e., Google search of key words from goal) • For every goal, search all three categories of resources • Count only evidence occurring after the plan's publication • Count as evidence action directly related to plan goal even if plan is not cited explicitly • Count as evidence action directly related to plan goal even if climate change or climate change adaptation is not cited explicitly • For each goal, assign one of three categories (i.e., No Evidence of Progress, In Progress, Completed)
• Definitions • No Evidence of Progress: After conducting search of resources, no evidence of implementation is found • In Progress: After conducting search of resources, evidence is found that indicates progress toward completing the goal • Completed: After conducting search of resources, evidence is found that the goal has been completed • When appropriate, provide narrative description of progress and rationale for judgment • Record link to source of evidence • For completed goals, provide link to resources in Adaptation Clearinghouse that document completion 5. Pre-publication state outreach
• After completing assessment, solicit feedback from relevant states using one of the following processes, as appropriate • Provide state officials with research and ask for additional evidence of progress • Provide state officials with summary of assessment and ask for additional evidence of progress • Provide relevant state agency officials with a sector-specific portion of the tracking spreadsheet or summary of assessment and ask for additional evidence of progress
